Smac/DIABLO protein promotes caspase-dependent apoptosis by inhibition of inhibitor of apoptosis protein (IAP) family members. The role of Smac/DIABLO in breast cancer has not been yet established. Therefore, the aim of the study was to assess the expression of this protein in tumor cells from breast cancer patients. The expression of Smac/DIABLO was analyzed in 62 breast cancer patients by flow cytometry. The obtained results were compared with expression of this protein in benign breast tumor tissue, which served as the control (11 patients with fibroadenoma). Expression of caspase-3 proteins in breast cancer was also evaluated. Smac/DIABLO expression in breast cancer was correlated with clinical and pathological data. Although the expression of Smac/DIABLO protein was found in all examined samples of both the breast cancer and fibroadenoma patients, the median expression of Smac/Diablo in breast cancer was significantly lower than in the control (39.1% vs. 48.1%; p=0.0047). Smac/DIABLO expression correlated with expression of caspase-3 (p=0.000008). In pT1 breast cancer patients, expression of Smac/DIABLO protein was higher than in those with pT2-3 (p=0.02). Diffuse cancer infiltration significantly correlated with lower expression of Smac/DIABLO protein (p=0.02). Moreover, there was a loose correlation between low expression of Smac/DIABLO protein and cancer embolus in minor blood and lymphatic vessels (p=0.08). Our results indicate that expression of Smac/DIABLO inversely correlates with the tumor stage, which may suggest that this protein may play an important role in the breast cancer development.
Breast cancer is the most common malignancy in the female population throughout the world (1) . Early diagnosis and multimodal therapy play a key role in the improvement of prognosis in these patients. The decision about type of treatment is based on the presence of prognostic and predictive factors such as age and menopausal status, stage of the disease, histological grade, estrogen and progesterone receptor status, human epidermal growth factor receptor 2 (HER2) as well as the involvement of lymphatic vessels and veins in the vicinity of the tumor (2) . However, further understanding of the molecular pathways of breast cancer development may be crucial for the introduction of optimal treatment tailored to each patient, which may also include biologically-targeted therapy.
The suppression of apoptosis is considered an important mechanism leading to cancer formation and progression (3) . The important apoptosis-regulating proteins are inhibitors of apoptosis protein (IAP) family members, which are responsible for the inhibition of the proteolytic activity of caspases 9 and 3, as well as their antagonists (4) (5) (6) (7) (8) . Among the proteins inhibiting the IAP-dependent caspase-activation are Smac/DIABLO (second mitochondrial-derived activator of caspase/ Direct IAP Binding Protein with Low PI), HtrA2/OMI (high temperature requirement A) and XAF-1 (XIAP-associated factor 1) (Figure 1) . One of the most frequently studied IAP antagonists is the Smac/DIABLO protein. Due to the pro-apoptotic role of Smac/DIABLO, it could be expected that its expression negatively correlates with cancer progression. Nevertheless, the level of Smac/ DIABLO in tumor cells has been demonstrated by Yoo et al. to vary among different types of malignancies (9) . In their study Smac/DIABLO was not detected in prostate, lung and soft tissue cancers, which may reflect impaired apoptosis of these tumor cells. In contrast, gastric, colorectal and ovarian cancer cells showed high mitochondrial expression of Smac/DIABLO. However, in those tumors this protein is not released from mitochondria to cytosol, probably due to inhibition of anti-apoptotic Bcl-2 protein (9,10). Expression of SMAC/Diablo protein in the breast cancer and its correlation with clinico-pathological features of disease has not been yet established.
In this study, we assessed the expression of Smac/DIABLO protein in native breast cancer tissue using flow cytometry methods. To our knowledge this is the first study describing application of this technique in Smac/DIABLO expression assessment in solid tumors. To verify whether expression of Smac/DIABLO in breast cancer is linked to apoptosis in these cells, expression of this protein was compared with caspase-3 activation. Additionally, the expression of Smac/DIABLO was assessed in correlation with known prognostic and predictive factors in breast cancer. 
Patients and methods
Patients. Sixty two women with primary breast cancer who had undergone surgery in the Department of Surgical Oncology, Medical University of Lodz between February 2007 and September 2009 were included to the study group. The median age was 59 years (range from 41 to 88 years). Pathological inclusion criteria encompassed infiltrating ductal carcinoma -not otherwise specified (NOS) and infiltrating lobular carcinoma. Patients with preoperative chemotherapy or hormonotherapy, patients with other pathological types of breast cancer and non-invasive breast cancer were excluded. The clinical and pathological features of the study group are summarized in Table 1 .
The control group consisted of 11 female patients operated because of fibroadenoma of the breast. Their ages range from 24 to 53 years with a median of 30. Patients with a cancer history were excluded.
Methods
Sample processing. Breast tumor tissues were collected from patients during surgery. Native tumor specimens, approximately 0.5 -1 cm 3 of volume, were stored at -80° C . Single cells were isolated from defrosted samples and prepared for flow cytometry measurement according to the method described by Ehemann et al (11) . Briefly, fragmented native tissues were re-suspended in 2.1% citric acid/0.5% Tween 20, and gently shaken at room temperature. Cell suspensions were fixed in 70% ethanol and phosphate buffered saline (PBS; Sigma Aldrich Chemie Gmbh, Steinheim, Germany).
Before flow cytometry analysis, cells were washed in PBS, centrifuged (5min, 1100rpm) and incubated in 0.01% saponin for 1 min. The cells were then washed in PBS and centrifuged again (5 min, 1100 rpm). Incubation with primary antibody at a dilution of 1: 100 (anti-Smac/DIABLO, polyclonal goat Ab, R&D System, Minneapolis, MN, USA; anti-cleaved caspase-3 (Cell Signaling, Danvers, MA, USA) was performed at 4°C, overnight. On the following day, samples were washed in PBS, centrifuged (5min, 1100rpm) and incubated for 120min with secondary FITC-conjugated Abs at dilution 1:20. Afterwards, samples were washed in PBS, centrifuged (5min, 1100rpm), and then resuspended in 400ul PBS and subjected to flow cytometry analysis. Simultaneously, samples with isotype controls were prepared (Normal Goat IgG control, 1:100 dilution, R&D System, Minneapolis, MN, USA).
Flow cytometry analysis. All measurements were performed using flow cytometry (FACScan; Becton-Dickinson, San Jose, CA, USA). An acquisition gate was established based on FSC (forward scatter) versus SSC (side scatter) distribution that included cells according to previous immunophenotype (cytokeratine 19). Cell fluorescence was measured using standard emission filters: FL1 (green, � 515-545nm), FL2 (orange, � 564-606 nm). For each analysis 10,000 events were acquired and analyzed using CellQuestPro software (Becton Dickinson, San Jose, CA, USA). The Smac/DIABLO-positive cells were identified after gating based on appropriate isotype controls. Expression of Smac/DIABLO was presented as a percentage of Smac/DIABLO-positive cells in the whole population of tumor cells. Similarly, expression of caspase-3 was established as a percentage of caspase-3 positive cells in the whole tumor cell population (Figure 1 ). All flow cytometry measurements were performed on 10,000 cells per sample. "High" and "low" expression was established based on the median of Smac/ DIABLO and cleaved caspase-3-positive cells estimated in the whole group of patients (Figure 2) .
Statistical analysis. Statistical analysis was performed with Statistica 7.0 (Tulusa, OK, USA) software. Statistical comparison of "low-expressers" and "high-expressers" was performed using the Mann-Whitney U test. Correlations between variables were assessed by the Spearman rank correlation coefficient (r). Comparisons between examined parameters were considered significant when p <0.05. Expression of Smac/DIABLO protein and caspase-3 protein in breast cancer samples. Expression of cleaved caspase-3 proteins was found in 61 out of a total 62 breast cancer patients (61/62; 98%). Median expression of cleaved caspase-3 in breast cancer patients was 5.8% and ranged from 0 to 42.3%. In all patients from the control group, cleaved caspase-3 protein expression was revealed with median expression 8.1% (range 6-19.5%). Expression of cleaved caspase-3 protein in breast cancer showed trend towards lower expression compared to the controls (p=0.07). In the study group expression of Smac/DIABLO protein significantly correlated with caspase-3 expression (p=0.000008; r=0.53).
Results

Expression of Smac
Relationship between expression of Smac/DIABLO protein and clinico-pathological characteristics of the study group. Expression of Smac/DIABLO protein was summarized in Table 2 . The protein levels were higher in the subgroup of cancer patients under 50 years old (p=0.05). In breast cancer pathologically assessed as pT1, expression of Smac/DIABLO protein was higher than in pT2-3 (p=0.02). A relationship was found between the presence of diffuse breast cancer infiltration in postoperative specimens and a lower expression of Smac/DIABLO protein (p=0.02). Also, a lower expression of Smac/DIABLO protein tended to correlate with the occurrence of the cancer embolus in minor blood and lymphatic vessels (p=0.08). Metastases in axillary lymph nodes did not correlate with expression of Smac/DIABLO protein in tumor cells (p=0.91) ( Table 2) .
Discussion
This is a first report describing the expression of Smac/ DIABLO protein in breast cancer patients. The study showed expression of Smac/DIABLO in all examined samples obtained from patients with this tumor.
Previous studies indicated that expression of Smac/DIABLO varies among cancer types. In real-time RT-PCR assessment, Smac/DIABLO mRNA was expressed in all assessed (n=85) renal cell carcinoma (RCC) patients (12) . In the Western blot analysis, 82% RCC samples expressed Smac/DIABLO protein (13) . The expression of Smac/DIABLO was assessed immunohistochemically in 100 carcinomas and 50 sarcomas of various organs by Yoo et al. [9] . The highest levels, reaching 70% of evaluated tumors, were seen in gastric adenocarcinoma, colorectal adenocarcinoma and ovarian serous adenocarcinoma. A moderate rate of Smac/DIABLO expression (about 40%) was seen in hepatocellular carcinoma and lung cancer patients (9, 14) . The lowest expression, about 20%, was seen in prostate cancer patients [9] . With regard to hematological malignancies, expression of Smac/DIABLO was confirmed in almost all (96%) acute myeloid leukemia patients (15) . Ren et al. found this protein in 63% of Hodgkin lymphoma patients and only in 47% of non-Hodgkin lymphoma patients (16) . These diversities of Smac/DIABLO expression in cancers suggest that only in some malignancies the Smac/DIABLO protein may have an important role in impairment of the mechanisms of cell death. Despite the fact that expression of Smac/DIABLO was present in all breast cancer samples, the median expression of this protein was reduced. We reported that median expression of Smac/DIABLO protein was lower in breast cancer tissues than in fibroadenoma (39.1% vs. 48.1%; p=0.005). This observation indicates that in benign tumors, the mechanisms of programmed cell death might work more efficiently.
Since Smac/DIABLO protein is involved in mechanisms leading to apoptosis, it might be expected that expression of this protein decreases with tumor progression. In our study, expression of Smac/DIABLO protein was significantly lower in pT2 and pT3 tumors comparing to pT1, which confirms this hypothesis. However, no correlation with other staging features such as pathological nodal status (in our group of patients no metastatic disease on diagnosis where observed) was observed. In other studies, correlation with Smac/DIA-BLO was not so evident. In renal cell carcinoma, expression of Smac/DIABLO protein was higher in I/II stage comparing to stage III/IV (96% vs. 50%) [13] . In other studies conducted in RCC, no correlation between Smac/DIABLO and stage of disease was observed at the mRNA level (8, 12) . In cervical cancer, expression of Smac/DIABLO mRNA was not linked with tumor stage (17) .
An age less than 35 years old has been indicated as an independent unfavorable prognostic factor in breast cancer (2, 18) . Since in our study, the youngest patient was 41, we stratified the patients into two groups: under 50 years old and over 50 years old . We reported a higher expression of Smac/DIABLO protein in the subgroup of patients under 50 years old. Further investigations are needed with larger group of patients to verify this observation.
In other clinicopathological features of the study group, diffuse cancer infiltration in the vicinity of primary tumors inversely correlated with Smac/DIABLO expression. Additionally cancer embolus in minor blood and lymphatics vessels showed a tendency toward lower expression of Smac/ DIABLO. Both results confirmed the hypothesis that more advanced tumors tend to decrease Smac/DIABLO protein expression.
To verify whether the presence of Smac/DIABLO protein induces apoptosis in breast cancer, we assessed the expression of caspase-3 protein, which directly induces nuclear changes during apoptosis. In our study, expression of Smac/DIABLO protein strongly correlated with caspase-3 protein, confirming the pro-apoptotic activity of Smac/DIABLO protein in this malignancy.
The results of our study suggest that Smac/DIABLO protein may play an important role in breast cancer development. The potential prognostic value must be verified in further studies encompassing treatment outcomes.
